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New Water Bank Program 
to Benefit South Dakota 
ANOTHER impetus for promoting 
comprehensive and total water 
management planning which can 
have a direct effect on South Dako-
ta is the new federal Water Bank 
Act that may result in conservation,. 
type pilot programs beginning late 
this spring or early summer. 
The Act is to " ... preserve, re-
store, and improve the wetlands of 
the Nation, and thereby to conserve 
surface waters, to preserve and im-
prove habitat for migratory water-
fowl and other wildlife resources, to 
reduce runoff, soil and wind erosion, 
and contribute to flood control, to 
contribute to improved water qual-
ity and reduce stream sedimenta-
tion, to contribute to improved 
subsurface moisture, to reduce acres 
of new land coming into production 
and to retire lands now in agricul-
tural production, to enhance the 
natural beauty of the landscape ... " 
Emphasis of the Act is on preserving 
and improving habitat for water-
fowl production. 
Duane Acker 
ASCS to Administer 
The Agricultural Stabilization 
and Conservation Service will de-
velop policies and procedures for 
implementation and administering 
this ·program, which is somewhat 
similar to the feed grain program. A 
nationwide 19-member Water Bank 
Advisory Board for ASCS includes 
two South Dakotans, Lee Warne, 
Sully County rancher, and myself. 
Involved in the program will be 
10-year agreements by farmers with 
reimbursement to preserve wet-
lands by agreeing not to drain, fill, 
burn or conduct agricultural prac-
tices on specified pot-holes or other 
wet areas, plus designated adjacent 
upland areas that might provide 
nesting for migratory waterfowl. 
A total of $10 million is authoriz-
ed for commitment this fiscal year 
and another $JO million is in Presi-
. dent Nixon's fiscal 1973 budget. It 
has been established that $1 million 
of the $10 million would be 
available to the Soil Conservation 
Service for technical services. Mon-
ey not committed or spent during 
fiscal 1972 does not revert; it is avail-
able for commitment and expendi-
ture in subsequent years. If $9 
million is to be committed in fiscal 
1972, for example, only $900,000 
would be spent that year; the bal-
ance in equal installments the sub-
sequent 9 years. 
USDA to Provide Funds 
The program is intended to sup-
plement wetland purchase efforts by 
state departments of game, fish and 
parks or the Departme~t of Interior, 
and an Interior · program where 
easements are purchased insuring 
that pot-holes will not be drained, 
filled, or burned, but that do per-
mit grazing, haying or tillage. The 
Act provides for the U. S. Depart-
ment of Agriculture to make an an-
2 
Uc!l payment to the land owner or 
operator for the period of the agree-
ment ( at rates yet to be determin-
ed). 
USDA will also fund "such part 
of the average cost of establishing 
and maintaining conservation and 
development practices on· the wet-
lands and adjacent areas ... " Pay-
ments for reclaiming previously 
drained land are also provided in 
the legislation. Size and location of 
"adjacent land" may vary apd poli-
cies are yet to be established. 
It is quite possible that most of 
the funds available for fiscal 1972 
will be committed to the eastern 
Dakotas and Minnesota, the major 
production areas for migratory wa-
terfowl. Even for this region, how-
ever, not all waterfowl production 
counties will likely have the pro-
gram in its earlier years. ASCS will 
soon make decisions on specific pi-
lot counties, system of establishing 
payment rates, size of adjacent up-
land areas that should be set aside, 
whether or not public access should 
be guaranteed and the farmer re-
imbursed for such, and other pro-
visions.D 
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Threat to thousands of South Dakota trees .. . 
Siberian Elm Canker 
T HOUSANDS of one of the most pop-
ular tree species planted in South 
Dakota are threatened by an in-
creased incidence of a disease 
which so far has no cure. 
· The tree is the fast-growing Si-
berian elm, often incorrectly called 
Chinese elm, growing by the hun-
dreds of thousands in farm shelter-
belts and as ornamentals in urban 
areas. The disease is Siberian elm 
canker, not associated with Dutch 
elm disease, which is a killer of 
anothet popular tree, the American 
elm. 
An 11-county survey last sum-
mer, involving more than 22,000 
shelterbelt trees, revealed canker 
infestation ranging from 2 per cent 
to nearly 40. per cent 9f 4-year-old 
Siberian elms and from 13 per cent 
to nearly 80 per cent of 8-year-old 
trees. Jack D. Otta, assistant pro-
fessor in the SDSU Agricultural 
Experiment Station plant science 
department, believes the disease is 
present in all South Dakota coun-
ties. 
Incidence Less West River 
. Incidence of the fungus disease 
seems to be less in .West River 
shelterbelts than in those -in East 
River counties, says Dr. Otta, who 
heads the cooperative South Dako-
ta State Univesity-U.S. Department 
of Agriculture project on Siberian 
elm canker. "This provides the 
only lead we have so far as to why 
the canker now seems to be causing 
more damage in shelterbelts," he 
explains. "West River shelterbelts 
Duane Acker, 
Dean, College of Agriculture and Biological 
Sciences; Director of Extension; and Direc-
tor, Agricultural Experiment Station 
A. L. Musson, 
Associate -Director, Agricultural Experiment 
Station. 
Edited by: Frank J. Shideler, Editorial Of-
fice, South Dakota State University, Brook-
ings, S. D., 57006. 
are more scattered and generally 
are not in cropping areas where 
2,4-D herbicides are used to con-
trol weeds." 
Nearly 80 per cent of the 8-year-
old Siberian elms checked were 
cankered or dead in central Ben-
nett County's intensive wheat grow-
ing area. In the surrounding Bennett 
County range area very little evi-
dence of the canker was found. 
To Check Herbicides 
"One farmer told me of an acci-
dental spraying of ·herbicide on his 
shelterbelt several years ago which 
resulted in severe defoliation," the 
SDS U plant scientist commented. 
"His shelterbelt now has a high 
percent of cankered or dead Siber-
ian elms." Research starting this 
spring at Brookings will use 2,4-D 
at different rates to observe effects 
on Siberian elm. 
Dr. Otta emphasizes he is not 
pointing to wee9-killing herbicides 
as the cause for upsurge of Siberian 
elm canker. "As yet, we just don't · 
know the cause and any theories 
are based on circumstantial evi-
dence and have not been confirm-
ed," he adds. "There may be a 
moisture factor since precipitation 
is less in West River areas than in 
East River areas . Another possible 
factor is lack of clean cultivation in 
and around shelterbelts. The result-
ing weed and grass cover may con-
tribute to canker incidence by re-
ducing soil moisture and weakening 
the trees." 
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There's no known "cure" for the 
disease. Developing a tree resistant 
to the disease appears to be the only 
solution as of now-and that is a 
long and difficult process, according 
to Dr. Otta. 
What to Do 
Meanwhile he suggests more use 
of native trees such as green ash and 
hackberry, especially in East River 
counties. He adds that the Soil Con-
servation Service now generally 
recommends not more than two 
rows of Siberian elm per shelter-
belt. Siberian elms are often the 
dominate tree with up to 3,000 of 
them in some shelterbelts in Rob-
erts County, for example. 
First symptom of the canker is an 
oozing of discolored sap from bark 
of trees that are usually more than 
3 years old. Next the bark ruptures 
and a dead patch of tissue forms. 
This is the canker which may range 
from the size of a quarter to a mass 
entirely girdling the limb or tree 
trunk. Weakened trees may fall or 
be subject to other diseases. 
"Cutting out the canker might 
help trees growing as ornamentals," 
Dr. Otta suggests, although it is ·not 
a proven cure. "This is not practical 
in shelterbelts where about the only 
thing to be done is to clean cultivate 
and hope. In some cases the disease 
organism dies out and the tree is 
strong enough to callus over the 
damaged area."0 
(Siberian elm canker photos, 
next page) 
Published quarterly by the Agricultural 
Experiment Station, South Dakota State 
University, Brookings, South Dakota. This 
publication will be sent free to any resident 
of South Dakota in response to a written re-
quest. 
To simplify terminology, trade names of 
products or equipment are sometimes used .. 
No end orsements of specific products or 
equipment named is intended , nor is criti-
cism implied of those not mentioned. 
Material appearing in this publication may 
be reprinted provided the meaning is not 
changed and credit is given the author and 
the South Dakota Agricultural. Experiment 
Station. 
Siberian elm canker . 
(from page 3) 
Following initial "bleeding" or ooz-
ing of discolored sap from beneath the 
bark, dead tissue can be noticed around 
_the area ( vertical wound shown on this 
Siberian elm trunk). 
Frequently the cankered area occurs 
in the crotch of a tree or on limbs as well 
as on the trunk. 
Loosened and split bark indicates se-
rious damage has been caused by the 
Siberian elm canker. 
Siberian elm canker disease in some 
cases dies out and causes no further 
damage to a tree. If the tree is strong 
enough it "calluses" over the damaged 
area ( note regrowth left and. right of 
wound which is partially covered by 
old, split bark). 
An evaluation ... 
• Conservation 
Tillage 
Methods 
• 
• 
By 
C. A. 0J.).stad and P. E. Stegenga 
Contribution from the Corn Belt Branch, Soil 
and Water Conservation Research Division , Ag-
ricultural ,Research Service, USDA, Brookings, 
South Dakota, in cooperation with the South 
Dakota Agricultural Experiment Station . 
C. A. Onstad is an agricultural engineer , 
USDA, and instructor, South Dakota State Uni-
versity; and P. E .. Stegenga is an engineering 
technician, USDA. 
E .ASTERN South Dakota usually is 
short of water at some time during 
the gro~ing season. Frequently, 
drought occurs during critical 
growth periods of crops. However, 
when rain does come, often much of 
the water is lost as runoff, carrying 
precious topsoil along with it. 
Some conservation practices de-
veloped elsewhere in the Corn Belt 
are not readily adaptable to the 
complex soil and topographic con-
ditions of eastern South Dakota. 
For example, contour strip-crop-
ping may be undesirable for two 
reasons. First, large farm imple-
ments are not efficient on narrow 
strips. Second, contoured strips are 
often very crooked on the irregular 
topography of the area. For this 
reason, researchers are studying the 
magnitude and severity of soil and 
water losses for several different 
conservation practices especially 
adaptable to this region. 
Four tillage practices for corn 
have been investigated at the East-
ern South Dakota Soil and Water 
Research Farm near Madison. They 
are: ( 1) conventional tillage; ( 2) 
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Figure 1. Aerial view of Madison ero-
sion plots. 
mulch tillage; ( 3) till-plant up and 
down slope; and ( 4) till-plant on 
the contour. These practices were 
compared with regard to soil and 
water losses and crop yields. They 
were also compared with regard to 
types and number of operations 
needed and annual cost to grow the 
corn. 
Installations 
The study was started in 1965 on 
12 erosion plots, 13.3 feet wide by 
72.6 feet long on a 5.8% slope. These 
plots are shown in Figure 1. Of the 
12 pl<:Jts, two were maintained in 
fallow for the duration of the ex-
periment. The other 10 were used 
as follows: 3 conventionally plant-
ed, 3 mulch tilled, 2 till-planted up 
and down slope, and 2 till-planted 
on the contour. Fertilization rates 
were recommended by the Agricul-
tural Experiment Station at South 
Dakota State University . 
Each plot was equipped with a 
device for measuring both soil and 
water losses. Rainfall, temperature, 
wind direction, and velocity data 
were collected at a weather station 
adjacent to the plots. 
The plots are on Egan-Wentworth 
silty clay loam soil which is deep, 
well-drained, and overlies glacial 
till at depths of 20 to 40 inches. The 
soil is friable, takes in water readily, 
and is easily tilled. 
Data and Discussion 
Rainfall 
Monthly ranges of growing sea-
son rainfall for the study period, 
together with the long-term and 6-
year averages at Madison, are 
shown in Figure 2. The data show 
that the average monthly rainfall 
was lower than the long-term aver-
age for all months except Septem-
ber and October. The largest deficit 
was in July, when the 6-year aver- . 
age was about 1.6 inches below the 
normal of 3.3 inches. 
The range of rainfall was wide, 
especially that for June of about 5.8 
inches. The narrowest range and 
the smallest amount of rainfall oc-
curred in July. Never, in the 6-year 
study period, did July rainfall reach 
normal amounts. 
Figure 2. Rainfall data: long-term av-
-erage, 6-year ~verage and monthly range 
over 6 years. 
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It is in July that two of the critic.al 
growth periods of corn normally oc-
cur, silking and tasseling. Research-
ers have shown that an adequate 
supply of moisture at these times 
usually insures a good yield at har-
vest ( 1). The late season abundance 
of rainfall does not aid the present 
crop but helps the succeeding crop 
through replenishment of soil mois-
ture. The average growing season 
rainfall for the 6-year period was 
about 80% of the long-term average. 
Runoff and Soil Loss 
Figure 3 indicates that both run-
off and soil loss w~re highest from 
the conventionally planted corn and 
lowest from the till-planted corn on 
the contour. From the statistical 
standpoint, both runoff and soil loss 
from the till-plant up and down 
slope and mulch plots were essen-
tially. identical. However, the runoff 
and soil loss from the conventional 
plots were significantly higher than 
that for the mulch and till-plant up 
and down slope plots and signifi-
cantly lower for the till-plant con-
toured plots. 
The percent cover or canopy is 
• Solid lines are long-tera average•. 
Daahed lines are 6-Year average•. 
0 --......... - ........ - ......... --------.----------
April May June July Aug. Sept. Oct. 6 
shown at the bottom of Figure 3. 
This indicates the amount of soil ex-
posed when viewed from above. 
The figures are the averages over • 
the 6-year period adjusted for days 
past planting. The cover includes 
not only the living leaves, but also 
the stubble that has remained on 
the surface after the tillage opera-
tions. The percent cover for till-
plant on the contour, up and down 
slope, and mulched is essentially 
identical. However, the cover on the 
conventional plots is significantly 
lower. 
. When rains come, three signifi-
cant things can happen. First, less 
rainfall may be intercepted on the 
conventionally treated plots allow-
ing more water to fall to the ground 
ap.d consequently causing more run- -
off. Second th~ mulch surface may 
have a higher infiltration rate caus-
ing less runoff on all plots except the 
conventional. The middle graph on 
Figure 3 shows that these events 
may have happened. Third, because 
the conventional plots have a larger 
soil surface area exposed, more rain-
dr(?ps or more energy is transferred 
· Figure 3. Average soil loss, runoff, • 
and canopy data for each treatment. 
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Figure 4. Percent of rainfall 
and soil loss caused by one 
storm during 6 years and one 
or two storms per year. 
Figure 5. Percent of rainfall, runoff, 
and soil loss occurring before July 1. 
One 
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Per Year 
Two 
Storms 
Per Year 
occur. Soils planted to corn are us-
ually bare and are susceptible to 
erosion from April 1 to July 1. Fig-
ure 5 shows the relative amounts of 
rainfall, runoff, and soil loss that oc-
curred on the conventional plots be-
fore July 1. It is significant that 21% 
of the rainfall caused 88% of the run-
off and 96% of the soil loss. The soil 
is usually frozen before April I, 
causing little soil loss. After July I, 
interception of rainfall by the crop 
canopy lessens the chance for a ma-
jor runoff event. 
to the soil surface causing more soil 
to be dislodged and consequently 
causing higher soil losses. Again, as 
can be seen from the tc;>p graph, this 
may also have happened. 
These data were measured using 
72.6-foot plots, which is very short 
by most field-size standards. Re-
searchers have shown that doubling 
the slope length increases the ero-
sion rate by about 40% ( 2). Quad-
rupling the slope length to about 
300 feet would double the soil loss 
per acre. Using these relations for 
conventionally planted corn on a 
300-foot slope, farmers probably 
had losses of about 5.5 tons·per acre. 
The other treatments probably lost 
less than 3.5 tons per acre. An aver-
age of 3 to 5 tons per acre per year 
is the maximum loss than can be tol-
erated safely for many soils of the 
region. This range would have been 
exceeded on a 300-foot slope over 
the 6-year period even though the 
average total growing season rain-
fall was about 80% of normal. 
Runoff, Soil Loss Distribution 
Figure 4 reveals that just a few 
storms produced most of the soil 
loss for the 6~year period. The most 
erosive storm during the period sup-
plied only 2% of the rainfall but pro-
duced 23% of the soil loss. Six storms, 
an average of one storm per year, 
produced about 72% of the soil loss 
and only 9% of the rainfall. Two 
storms per year, or 12 storms over 
the period, produced 13% of the rain-
fall and 92% of the soil loss. This in-
dicates most of the damage due to 
erosion in this area results from only 
one or two storms per year. 
Another important factor is the 
time of year that these severe storms 
Costs and Crop Yields 
The average and range of corn 
yields for the 6-year period are 
shown in Figure 6. The corn yield 
average was highest on the mulch-
ed plots, 64.9 bu / acre, and lowest 
on the conventional plots, 58.6 bu/ 
acre. This difference did not prove 
significant in statistical analysis be-
cause of inconsistencies in the yield 
relationship from year to year. We 
Table 1. Field operations for each treatment beginning in the spring 
(including cost). 
Conventional Mulch Till-plant 
Operation Cost Operation Cost Operation Cost 
($ / a) ($/a) ($/a) 
Shredding 1.50 Shredding 1.50 Shredding 1.50 
Tandem disk ____ __ 1.50 Field cultivation 1.50 Tandem disk ---- 1.50 
Plow ____ ---------- - - -- 3.50 Tandem disk ------ 1.50 Plant ____________________ 2.00* 
Tandem disk ---- - 1.50 Plant __________ ---- ---- 1.50 Spray ------------------ 1.00 
Plant ____ ---------------- 1.50 Spray --------- ---------- 1.00 Cultivate -------- -- -- 1.25 
Spray -------------- ---- 1.00 Cultivate - ---- ---- - 1.25 Harvest ------------ -- 4.00 
Cultivate -------------- 1.25 Harvest ----------- ---- 4.00 
Harvest ---- ---------- 4.00 
Total ---- ---------- 15.75 Total ------------------ 12.25 Total ------- --- ---- ---- 11.25 
*$ 0.50 per acre added becau se till-planter u sed rather than regular planter. 
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can, however, conclude that corn 
yields in tpis region will average at 
least as high with mulch on the sur-
face as with conventional planting 
methods. 
However, as shown in Table 1, 
Figure 6. Yield data: average and 
range of yields for each treatment. 
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the annual costs per acre required 
to grow the crop are different. This 
figure lists the field operations and 
cost for each field pass. The cost fig-
ures were obtained from "Custom 
Rates for F arm Operations, South 
Dakota," a booklet published in 
1970 by the South Dakota Crop and 
Livestock Reporting Service, Sioux .~i· . 
Falls. The mulch and till-plant op-
erations are cheapest, and conven-
tional corn is most expensive. 
SUMMARY 
Till-planted corn on the contour 
had the least runoff, the least soil 
loss, and the lowest production cost; 
conventionally planted and tilled 
corn lost the most . water and the 
most soil and had the highest pro-
duction cost. About 88% of the run-
off and 96% of the soil loss during the 
6-year ,study occurred before July. 
D_uring this period, _the mulch pro-
. vided the needed protection against 
* Horizontal Lines are average yields. 
.erosive agents that w_ere lacking on 
clean-tilled plots. MtJlch strips or 
ridges on the contour reduce the 
velocity of runoff flow and make it 
less erosive. Therefore, till-planting 
on the contour was significantly 
more ef{ective than mulch tilled or 
till-planted up and down slope. 
40 
Conv. Mulch TP U/D TP Cont. 
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The average annual costs per 
acre for conventional, mulch, and 
till-planted treatments are about 
$15.75, $12.25, and $11.25, accord-
ing to 1970 custom work prices.o 
• 
• 
• 
Examples of Agricultural 
Experiment Station cattle 
feeding research diversifica-
tion are cow-calf trials with 
crossbred heifers near Beres-
ford in southeastern South Da-
kota (shown above) and in 
trials at Newel l in the western 
part of the state using saw-
dust as a roughage replace-
ment, discussed in the accom-
panying report. 
W HKr's next in research as animal 
scientists look for ways to feed saw-
dust as a roughage replacement in 
beef cattle rations? 
Experiments in western South 
Dakota using the accumulating by-
product of the lumber industry 
have shown: 
1. No visible intake or toxicity 
symptoms after 90 da"ys of 
feeding pelleted pine sawdust 
to calves at levels up to 10% of 
the total ration. 
9 
Sawdust 
as a 
· Roughage 
Replacement 
2. No detrimental effects on ei-
ther feedlot performance or 
carcasses with cattle fed high 
e n e r g y rations for 115 days 
when sawdust was used to 
replace half of the alfalfa 
roughage in a 90% concentrate 
ration. 
3. No abortion or intake prob-
lems when first-calf heifers 
were fed a ration of 25% raw 
pine sawdust during the last 
third of gestation. 
4. A sawdust-corn silage, used in 
some of the feeding trials, was 
found to be a good roughage 
product. 
5. Performance of cattle on both 
control and experimental ra-
tions was about the same. 
( continued next page) 
If it looks all that great, then 
why don't cattle feeders go out and . 
get a load of sawdust and solve 
their roughage problems? This 
would be especially advantageous 
for western South Dakota areas 
when alfalfa is in short supply and 
sawdust is abundant to the point 
of being considered a pollutant. 
More Information Needed 
It's not quite that simple, how-
ever. Although animal ·scientists at 
· South Dakota State University's 
Agricultural Experiment Station 
are encouraged with preliminary 
experiments, the research package 
isn't yet quite all wrapped up for 
delivery. For one thing, they'd like 
to see somewhat more extensive 
feeding trials. Another item is the 
economics of feeding sawdust-cost 
of sawdust and transportation, the 
mechanics of preparing feeds, 
available supply of the fresh moist 
sawdust especially if a peak de-
m_anq results from making silage in· 
the fall. Also, somewhere along the 
line consumers must be show·n 
rather conclusively that sawdust 
doesn't affect the flavor of a steak. 
And then there is lignin, an or-
ganic .substance which, with cellu-
lose, forms the chief part of woody 
tissue in trees and to a lesser extent 
in many of the most widely-used 
grasses, according to the research-
ers. Lignin is indigestible. The re-
searchers do not anticipate adverse 
flavor since u0itrteated sawdust is 
not readily broken down even by 
ruminants (SU Ch as cattle and 
sheep) . The encrusting material, 
lignin, found in untreated sawdust 
makes it difficult for the microflora 
10 
Sawdust Burners 
in the ruminant digestive tract to 
process cellulose and hemicellulose -
into energy for the animal. Thus the 
amount of sawdust added to a ration 
is limited if untreated to remove lig-
nin. 
Most of the experimental rations 
in this research used 5%, 10% or 25% 
sawdust. One trial was started with 
a 50% sawdust pellet to determine 
acceptability at higher levels. How-
• 
ever, after 10 to 14 days on the ra- ,~~ 
t£on the animals refused it. , 
How about Treating Sawdust? 
"We've gone about as far as we 
can here with research using our un-
treated South Dakota sawdust as 
a ration supplement," according to 
L. D. Kamstra, professor, and A. 
L. Slyter, assistant professor, of the 
SDSU animal science department, 
who are conducting the research. 
• 
• 
• 
Dr. Slyter and J. A. Minyard, Ex-
tension livestock specialist who has 
also assisted in the project, are head-
quartered at Rapid City. 
"The next step for us," continues 
Dr. Kamstra, "is to investigate poss-
ible methods of treating or process-
ing the sawdust, and possibly even 
pine bark." Dr. Kamstra is doing 
just this during a 6-months sabbati-
cal leave in early )972 to learn of 
possible proc.essing methods associ-
ated with using bagasse, a sugar 
cane product, as livestock feed. He 
will be at the Agricultural Research 
Service W estern utilizat'ion r e -
search laboratory, Albany, Calif., 
and at the University of Hawaii 
where the bagasse treatments are 
being evaluated. It is possible the 
bagasse research will shed more 
light on treatment possibilities . for 
sawdust. 
Generally, sawdust has been sug-
gested as an economical non-nutri:. 
tive roughage material in a high 
concentrate ration. Its use as an en-
ergy food should be facilitated by 
any treatment which lowers lignin 
content to a level comparable with 
good quality roughage.-
The California laboratory work-
ers earlier found that high-pressure 
steam processing will convert rice 
straw and similiar high-fiber wastes 
into digestible livestock feed, ac-
cording to U. S. Department of Ag-
riculture reports. The objective of 
processing is to modify the chemical 
structure of the high-fiber wastes 
to make the cellulosic part more 
available. At Albany, for example, 
rice straw that was 34% digestible 
before treatment was upgraded to 
43% digestibility with steam treat-
ment and to 61% digestibility with 
steam plus sodium hydroxide, the 
USDA report adds. In ,Canada, 
steaming of hardwood byproducts 
increased their digestibility to equal 
medium quality alfalfa hay of 50% 
to 55% digestibility. 
Various Substitutes Possible 
In summarizing the research so 
far, Dr. Kamstra and Dr. Slyter 
point ~ut that "we've established 
that the cattle can 'handle' the saw-
dust and even perhaps thrive while 
eating it-under the conditions of 
our experiments. In general, addi-
tion of sawdust to the various ra-
tions was not detrimental to per-
formance of the cattle. We need to 
get more definite ideas of just what 
happens under various conditions-
including the use of 'processed' saw-
dust or bark if the research is to be 
c.arried that far. Remember, our 
research is aimed at promoting bet-
ter utilization of high roughage ra-
tions with and without the addition 
of grain or similar concentrates. The 
roughage substitute might well be 
processed garbage, paper, or straw. 
Unused cellulose is the most abund-
ant organic compound on earth not 
directly useable as food by man." 
Potential benefits from the re-
search are not confined to the cattle 
feeder and, perhaps, the sheep feed-
er. Bark and sawdust constitute 
about 30% of the dry matter of the 
pine tree product. Thus, nearly a 
third of the tree is waste for want of 
an economical method of utiliza-
tion. 
If and when the practical applica-
tion stage of this research is reach-
ed, you might be seeing some hap-
pier lumbermen, more agreeable 
and less-polluted communities, live-
stockmen with a brand-new feed 
source, and pollution fighters con-
suming beef steaks from "reconsti-
tuted" pine trees.o 
Briefed Details of a Study Using Pine Sawdust 
as a Roughage Replacement in Cattle Rations 
Toxicity Study 
No intake or toxicity symptoms 
observed after 90 days of feeding 
the pelleted rations. Additional ob-
servations from this part of the re-
search: Little difference in weight 
gains between basal- and . sawdust-
fed cattle. Laboratory digestibility 
studies using _ the "artificial cow" 
Sc~eening 
sawdust 
during some 
of the early 
feeding 
trials. 
11 
procedure also were in favor of the 
sawdust rations. Animals appeared 
to accept the sawdust rations more 
readily than the basal ration during 
the initial adjustment period. All 
animals were consuming about 20 
pounds of feed daily near the end 
of the feeding period. 
( continued next page) 
Ration composition per ton, shown in pounds (toxicity trial). 
5% 10% 
Ingredients Basal sawdust sawdust 
Dehydrated alfalfa meal ------------------------------------ ______________ 1,000 900 800 
Ground shelled corn ------------ ------------- _____ __________________________ 900 850 800 
Molasses ------------------------------------------------------------------------------ 100 100 100 
Sawdust ------------ ------ -------------------------------------------------------------- O 100 200 
Soybean oil meal ------------------------------------------------------------------ O 50 100 
Bentonite ( adhesive or binder ingredient for pelleting) 30 30 30 
TOT AL ------------------------------------------------ ----- -------- ---------------·· 2,030 2,030 2,030 
Sawdust ration, 90-day feeding period December through March 
Control (basal) 5% sawdust 10% sawdust 
Average daily gain, pounds ----··------------- ______________ 1.65 1.51 1.41 
Feed/ lb of gain, pounds -------- ---------------------- ________ 8.99 9.89 10.70 
Percentage composition of rations 
Ingredient 
Alfalfa 
Concentrate 
Ground corn ------------------ -------------------------- 75 .0 
Ground alfalfa hay ---------------------------------- 20.0 
SBOM ---- ---------------------------------------------------- 5 .0 
Sawdust ----------------------------------------------------
Corn silage ------------------------------------------------
Average % H 20 ··------------------------------------- 15.0 
Average % crude protein ( dry basis) ____ 13 .5 
Ration 
Sawdust 
Concentrate* 
67.0 
13.0 
20.0 
20.6 
14.9 
Corn 
Silage 
4.8 
95 .2 
59.2 
11.0 
*Sawd ust, as received, was mixed with each l ,000-poun <l ba tch of fee<l as fed . 
t Sawd ust, 65% moisture, was mixed w ith corn si lage at th e tim e of ensiling. 
Number heifers _______________ ____ ________________ 10 
Initial .shrunk wt., lb. -------------------------· 466.5 
Final shrunk wt., lb. _______ ___________________ 658 .0 
Av. daily gain, lb. -------------------------- ---- -- 1.65 
Av. daily ration , lb. ___________ ________________ 13.85 
Feed/ cwt. gain, lb. 
As fed basis ---------------------------- ________ 840 
Dry basis --------------~-- ___________________ ____ 714 
Ration 
Sawdust 
Concentrate 
11.58 
1287 
1022 
1.21 
21.45 
1779 
726 
12 
Sawdust 
Corn Silaget 
6.7 
23.3 
70.0 
63.2 
12.6 
Feeder Cattle Rations 
Sawdust was included in a 119-
day growing ration trial to study 
its effect on performance of feeder 
calves. The rations were: alfalfa-
concentrate, sawdust - concentrate, 
corn silage, and sawdust-corn si-
lage. Heifers fed sawdust-corn si-
lage were the most efficient in dry 
matter utilization followed by those 
fed alfalfa-concentrate and corn 
silage. Results indicated that saw-
dust has possibilities as a partial 
roughage replacement in growing 
rations for calves. 
Other findings: the need for ad-
ditional research to determine the 
~ ost favorable levels of sawdust to 
use and effects of particle size and 
other specific sawdust characteris-
tics. This became evident at the 
mid-point of the trial when a mark- -
ed decrease in consumption of the 
sawdust-concentrate ration was 
noted along with negative weight 
gains in this group of animal~. Dur-
ing this period sawdust was obtain-
ed from a different source at the 
mill and as a result was finer in 
particle size and lower in moisture 
thereby increasing the actual dry 
matter from sawdust in the ration. 
A· return to the original sawdust 
source resulted in a return to norm-
al consumption and greatly improv-
ed average daily gains. 
In Gestating Beef Heifers 
Background: Sawdust has been 
suggested as a possible roughage in 
· wintering rations for breeding stock 
in the range areas when other rough.., 
age materials are in short supply . . 
Purpose of this study was to deter-
mine possible t o x i c i t y resulting 
from including sawdust in wintering 
rations for pregnant heifers. Special 
em,Phasis was given to possibilities 
of embryonic abortion since pine 
needles were suggested as a causi-
tive factor by Canadian researchers 
as early as 1927. 
Results : No abortion or intake 
problems with first-calf beef heifers 
when fed a ration containing 25% 
raw pine sawdust during the last 
third of the gestation period. No dif-
ferences were noted in calf birth 
weights or calving difficulty in h eif-
ers of either group. Based on these 
t) 
• 
• 
• 
results, it would appear that saw-
dust up to 25% of the total diet could 
serve as a roughage source in win-
tering rations for breeding stock. 
One-half of the hay was replaced 
with a half pound of cracked corn 
and a half pound of sawdust for each 
pound of hay in this trial. Assuming 
com to be twice as expensive as hay 
and if sawdust can be obtained at 
no charge, the cost per pound of the 
two rations was e.qual. As hay prices 
move up in relation to corn there 
would be an economic advantage to 
the sawdust ration. 
Laboratory dry matter digestibil-
ity experiments suggest that stock 
could not be maintained on high 
sawdust rations unless the sawdust 
is treated to increase utilization 
even if abortive tendencies or other 
toxicity factors were not critical. 
Weight changes and calving results 
Ration 
25 % 
Control sawdust 
Number in lot __ ____ _________ , 6 
Average wt. 12-24-70 ____ 878.3 
Average wt. 03-16-.71 * __ 904.2 
Average calving scoret__ 1.7 
Average birth wt. 
of calves _________________ ___ 56.7 
6 
883.3 
925.8 
2.3 
59.4t 
•weights includ ed four heifers pos t-calving 
and two pre-calving in each lot. 
tScored as fo llows : l = no d iffi cul ty; 2= 
sli crhtl y difficult ; 3=difficult, calf puller 
needed ; 4=extremely d iffic ult . 
· +Includes one se t of twins. 
Finishing Ration 
No difference in average daily 
gains was noted between heifers on 
the two diets. Heifers on the control 
diet ( no sawdust ) consumed 0. 7 of 
Pine sawdust as a roughage replacement in fat cattle diets 
==:-::-=====-
Alfalfa- Alfalfa-sawdust 
Diet concentrate concentrate 
Number of heifers _______ ---------------- ---------------------------------- ------------ 12 12 
579.2 
881.7 
2.6 
17.3 
Initial shrunk wt., lb. __________________ --------------------------------------------- 580.0 
Final shrunk wt., lb. ------------------------------ -------------------------------------- 882.1 
~e;; f ~o~~!:; g;:~: it · :::::::::::: :::::::::·:::::::::: :::::::::::.:::::::::::::: J~ 663 
18.67 
59.9 
11.4 
Average USDA Grade ( 19=low choice, 18=high good) ____ 19.25 
1 ~:::~~ ~te:s:: ~r~;~~~~ti ~·.--:-:::::::::::::::::::_:::::::::::::::::::::::_:::::::: f ~: i 
Number condemned livers ___________ ------------------------------------------ 2 4 
a pound more feed per head daily 
and r e q u i r e d an additional 25 
pounds of feed per 100 pounds of 
gain than heifers on the diet con-
taining sawdust. Analyses of carcass 
data indicated no cliff rences due to 
diet. Six livers-four in the sawdust 
group and two in the control group 
-were condemned at slaughter due 
to abscesses. Condemnations were 
within the range considered normal 
for fed cattle. Results indicate that 
sawdust can replace ground alfalfa 
in high-concentrate rations at the 
levels fed without depressing feed-
lot gains or carcass quality. 
Percentage composition of diets 
Diet 
Alfalfa-
Alfalfa-
sawdust 
Ingredient concentrate concentrate 
Ground corn __ ___________ 78.5 
Grou nd alfalfa hay ___ 10.0 
SBOM* _______ ____ 11.0 
Sawdust _______ _______ ____ 0.0 
Dicalcium phosphate 0.5 
75.5 
5.0 
13.5 
5.0 
1.0 
*6,000 I.U. vitamin A per pound of SBOM. 
Latest Feeding Trials 
Only preliminary data is available 
for a trial ending in early 1972 with 
yearling heifers on finishing rations 
in which untreated raw pine saw-
dust was used as a roughage re-
placement. Objectives are to deter-
mine effects of · sawdust on feedlot 
performance and carcass traits, ef-
fects of roughage in high concen-
trate finishing rations, and the effect 
of low levels of roughage on para-
keratosis and liver abscesses in feed-
lot cattle. 
Although cautioning about form-
ing conclusions from preliminary 
data, researchers say the efficiency 
factor looks good for sawdust-fed 
cattle. On one weighing day average 
daily gains were 1.79 pounds for all 
concentrate (control ) ration, 2.96 
pounds for 15% alfalfa-concentrate, 
2.34 pounds for 15% sawdust-con-
centrate, and 2.87 pounds for 5% al-
falfa-IO% sawdust concentrate. On 
another weighing day the average 
daily gains for the same groups, re-
spectively, were 2.20, 3.55, 3.67, and 
2.30 pounds. 
Average weights during feeding period, 1970-71. On the other experiments the saw-
dust levels used were calculated 
on an "arrival" basis. In this trial 
mor sawdust was used because of 
being corrected to a 20% moisture 
basis. This meant the 15% sawdust-
concentrate ration on a 1,000-pound 
basis included 120 pounds sawdust 
dry matter and the 5% alfalfa-IO% 
sawdust concentrate ration included 
80 pounds sawdust dry matter.D 
650 
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Aids SDSU Research, Instruction •.. 
Electron 
Microscope 
The electron microscope at SDSU 
is owned by the USDA Northern 
Grain Insects Research Laboratory, 
situated just north of the main cam-
pus. Dr. Stanley Jensen and Dr. 
Gerald Sutter, NGIRL staff mem-
bers, and Dr. Nels H. Granholm 
operate and maintain the electron 
microscope laboratory. Dr. Gran-
holm, author of this article, began 
work in June 1971 as an electron 
microscopist to direct SDSU's activ-
ities in the program. 
Dr. Granholm teaches a formal 
course in electron . microscopy for 
graduate students, faculty and qual-
ified undergraduate students, advis-
es faculty and students, and 
conducts research. Several colleges 
at SDSU are using the electron mi-
croscope laboratory for teaching as 
well as research. 
Figure 2. Charles McMullen pre-
paring thin sections on an LKB ul-
tramicrotome. 
By 
Nels H. Granholm, electron microscopist, 
Agricultural Experiment Station, 
South Dakota State University 
J usT as glass lenses can be used 
to focus particles of light, so also 
can magnetic lenses focus elect-
rons-a principle employed for 
more than 30 years in manufacture 
and use of electron microscopes 
similar to the instrument now at 
So_uth Dakota State University. 
Because the wavelength of an 
electron is very much smaller than 
that of visible light, the electron 
microscope offers a unique oppor-
tunity to study objects too tiny to 
view with the conventional light 
microscope. In fact, useful magnifi-
cation of an electron microscope can 
be 1,000,000 times compared with a 
1,000-fold useful magnification of 
the light microscope. 
The instrument in use at SDSU 
for the past 8 years has been a 
valuable addition for use in re-
search, laboratory projects, and 
training students in electron micro-
Figure 1 and COVER PHOTO. 
Instruction on the various compo-
nents of the electron microscope is 
given by Dr. Granholm to Connie ~ 
P~illips, Grafton, N. D., (seated); 
Charles McM~llen, Ft. P i e r r e, 
(left); and Jan Jackson, Brookings, 
(right). · 
scopy, all of which have agricul-
tural as well as health-related 
significance for South Dakota. 
Electron microscopy is not a new 
technique. The first series-produc-
tion electron microscopes were 
manufactured by the German firm, 
Siemens, in 1938. In the United 
States the first electron microscope 
was designed and built at the Uni-
versity of Toronto in 1939 .. In 1940 
Radio Corporation of America 
(RCA) provided the first U.S. 
series-production electron micro-
. scopes. Today these instruments 
are manufactured in England, Hol-
land, Germany, Japan, Russia, 
Switzerland, East Germany, Czech- · 
oslovakia, and .Yugoslavia. Unfor-
tunately electron microscopes are 
no longer made in the United 
States, mainly because we cannot 
compete with foreign markets. 
Worldwide there are about 9,000 
operating electron microscopes. 
The 8-year-old SDSU instrument is 
an RCA, model EMU-3G. 
Electron Microscopy Procedures 
The electron microscope ( Figure 
1 and cover photo ) consists of a 
column of lens components with 
the electron gun at the top and oil 
diffusion pump at the bottom. Five 
electromagnetic lenses serve to • 
• 
• 
concentrate the electron beam onto 
the specimen, focus those electrons 
which interact with the specimen, 
and magnify the resulting image. 
Although it may appear a formid-
able instrument at first sight, most 
students learn quite rapidly the 
physical principles involved in 
electron microscopy. 
Before material can be examined 
in the electron microscope it must 
. be prepared to withstand the rigors 
of electron irradiation and the near 
vacuum conditions of the column. 
T i s s u e to be examined, for in-
stance, is first "fixed," dehydrated, 
and em bedded in a hard epoxy 
plastic block. Thin sections are 
then prepared for use in the instru-
ment by slicing with a glass or dia-
mond knife into a trimmed plastic 
block ( Figure 2) . The section must 
.be thin enough to allow electrons to 
penetrate but thick enough to yield 
sufficient contrast in the final 
image. For f!lOSt materials that a~e 
viewed, 600 Angstro111s ( there are 
roughly 254,000,000 Angstroms per 
inch) appears t9 be a good thick-
ness. The thin sections are then 
picked up on tiny copper grids 
which have previously been covered 
with a very thin layer of plastic and 
Figure 4. A negative stain prep-
aration of a recently isolated swine 
virus (a), magnified 84,6.00 times. Of 
the two distinct swine enterovirus 
particles (b) one has an outer en-
velope (ep) measuring 47nm, while 
the other is a naked particle meas-
uring 34nm, 188,000X. There are 
roughly 25 million nanometers 
( nm ) per inch. A virus crystal is 
shown in ( c), 54,000X. Electron 
micrographs by Miss Connie S. 
Phillips. 
a 
Figure 3. Jan Jackson operating 
the electron microscope. 
coated with evaporated carbon in 
the vacuum evaporator. After a final 
staining with heavy metal salts like 
uranyl acetate and lead citrate to 
provide additional contrast, the 
specimen is finally ready for obser-
vation ( Figure 3). 
The Electron Microscope in Use 
Dr. Wayne S. Gardner, SDSU 
plant pathologist and one of the pri-
mary individuals involved in the 
establishment of our program in 
electron microscopy, described 
some of his research in an article, 
"Unseen · Parasites that Damage 
Your Crops," in the 1971 Winter is-
sue of South Dakota Farm & Home 
Research. Dr. Gardner reports that 
plant viruses such as tobacco mosaic 
virus, wheat streak mosaic virus, 
barley stripe mosaic virus, and 
bromegrass mosaic virus can quick-
ly be identified using a "quick-dip" 
procedure. This procedure involves 
no fixation, dehydration, embed-
ding, and sectioning as described 
above. The entire diagnosis from 
15 
field to virus visualization can be 
accomplished within 20 minutes. 
Miss Connie Phillips, a master's 
degree candidate in the Veterin-
ary Science Department, currently 
uses diagnostic electron microscopy 
techniques to identify swine virus-
es. Figure 4 illustrates the form of 
several viruses under study. Miss 
Phillips, of Grafton, N. D., feels 
that rapid diagnosis of viral infec-
tions using biochemical techniques 
and electron microscope diagnostic 
procedures can drastically reduce 
the amount and spread of certain 
diseases. The prevention and con-
trol of disease in farming and 
ranching operation is, of course, an 
outstanding scientific objective. 
Control of insect pests is also of 
much agricultural interest. The 
army cutworm, Euxoa auxiliaris, 
represents an insect pest of major 
economic importance. Larvae can 
consume the entire above-ground 
parts of alfalfa and winter wheat. 
Jan Jackson, of Brookings and a 
graduate student in the Botany-
Biology Department, has been 
working with Dr. Gerald Sutter of 
the USDA's Northern Grain Insects 
Research Laboratory on the life 
cycle of a granulosis virus organ-
ism that infests. the army cutworm. 
The virus multiplies rapidly, killing 
the host. Various stages of the life 
cycle of a granulosis virus within 
fat body cells of the army cutworm 
are shown in Figure 5. By learning 
about the virus life cycle, virus~host 
relationships, and general biology 
of granuloses viruses, these re-
searchers may be able to adapt 
granuloses as effective biological 
controls in insect pests such as the 
army cutworm. The electron micro-
scope is an essential research tool 
. C 
Figure 5. Infected army cutworm 
fat body cell showing mature cap-
sules (A), free viral rods with out-
er membrane (B), and a naked rod 
with no apparent membrane (C), 
110,000X. Electron micrograph by 
Jan J. Jackson. 
Figure 6. Typical protein body 
enclosed within vacuole where it 
has developed, 127 ,OOOX. Electron 
micrograph by Harbans S. Sraon. 
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Figure 7. Plasma membranes of 
~he bacterium, Klebsiella pneumon-
iae are often separated from the 
outer cell wall (arrows), 7,500X. 
Electron micrograph by Mrs. Pam 
Kieffer. 
• 
• 
• 
• 
• 
in their study that emphasizes bio-
logical rather than chemical con-
trols. 
Another laboratory project of 
considerable scientific interest is 
being conducted by Harbans S. 
Sraon, a Ph.D. candidate in the 
Plant Science D epartment. Mr. 
Sraon, of Punjab, India, is charac-
terizing protein bodies of oat seeds 
with the electron microscope to 
determine ( 1) the localization of 
· protein bodies in: oat seeds, ( 2) the 
general shape and/or form of such 
bodies , and (3) the developmental 
events leading to the formation of 
the mature protein body. Protein 
bodies are manufactured within 
enclosed spaces termed vacuoles 
(Figure 6). At present Mr. Sraon is 
learning how and when protein 
bodies are being formed during de-
velopment of the oat seed. Future 
· studies will be designed to compare 
low and high protein strains of 
oats. It may be that Mr. Sraon will 
lay the groundwork for the discov-
ery of hardy, high· protein oat 
strains. 
Mrs. Pam Kieffer, a graduate stu-
dent in the Bacteriology Depart-
ment_ from Florence, S. D., has been 
using the electron microscope to 
investigate the normal structure of 
the bacterium, Klebsiella pneumon-
iae ( Figure 7). In the future she 
hopes to investigate the passage of 
bacteria and L-forms (inactive bac-
teria) across placental membranes 
in the mouse. By using the elec-
tron microscope, Mrs. Kieffer will 
be able to study how microorgan-
isms are transmitted from mother 
to fetus. 
Presently I am conducting re-
search using very early chick and 
mouse embryos to study the mech-
anisms involved in the formation of 
the early embryo. Figure 8 shows a 
portion of a migrating 18-hour 
chick embryo cell. The network of 
microtubules plays an essential role 
in the cell's migration. 
During spring semester a gradu-
ate student and I will be doing a 
study on the culture of very early 
mouse embryos. Future investiga-
tions may allow us to study certain 
aspects of mammalian development 
and reproductive physiology such 
as early embryo development, egg 
storage, egg transfer, embryo-en-
dometrial interrelationships, and 
reproduction efficiency. These rep-
resent problems which are signifi-
cant in animal science and human 
health. 
The projects outlined above and 
others like them contribute to our 
understanding of important agri-
cultural and health-related prob-
lems. Along with research, our 
electron microscope laboratory is 
also available for teaching purposes, 
and we encourage teachers to make 
use of the facility. Many groups 
visit our laboratory allowing us to 
discuss the hows and whys of elec-
tron microscopy. The instrument is 
unique. It extends man's vision by 
having a useful magnification of 
one million diameters. Its potential 
as a research instrument is im-
mense. Today, many techniques 
have been developed to obtain 
quantitative as well as qualitative 
information in electron microscopy. 
Its future is bright .. D 
Figure 8. Parallel array of micro-
tubules found in migrating embry-
onic chick cells. Such tubules are 
thought to provide the cell with 
structural support much like steel 
rods in reinforced concrete, 41,-
000X. Electron micrograph by Dr. 
Nels H. Granholm. 
South 
Dakotans 
Growing 
Tobacco 
Crops 
Help in 
Air· 
Pollution 
Detection 
One of South Dakota's. tobacco grow-
. ers_ is Sherri Craig, an air pollution 
watcher of Rapid City. She is shown 
with tobacco plants bordering her gar-
den, which is a Future Farmers of 
America project. 
THERE'LL probably be a bumper 
tobacco crop in South Dakota this 
year with more widespread planting 
than ever before - but don't count 
on the harvest going into cigar-
ettes, cigars, pipe filler, chewin's, 
or even snuff. 
Sad to say, if this year's anticipa-
ted "harvest" is like that of the past 
2 years, it's going to show that South 
Dakota's wide open spaces are not 
entirely free of air pollution. But 
don't despair - at least yet. The 
amount is small and it probably 
isn't injurious to human health. The 
problem is to keep it that way and 
South Dakota tobacco crops provide 
the first step in doing so. 
Tobacco is one of the bioindicator 
plants used by scientists as "detec-
tors" or "indicators" of certain im-
purities in the atmosphere. This 
group of somewhat tender plants. 
has a: valuable common trait in that 
small doses of air pollutants cause 
them to either wither, turn spotted, 
curl up, or even keel over. They are 
able to detect small amounts of spe-
cific poisons that over long periods 
and in heavier doses can kill tougher 
plants such as trees and important 
crops. Tobacco, for instance, shows 
a special type of spot or fleck in the 
presence of caustic ozone, the smog-
type air pollutant usually associated 
with heavily populated or industrial 
regions. 
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South Dakotans Cooperating 
A widening cooperative effort by 
interested South D akota citizens 
and researchers is resulting in some 
preliminary - and surprising· - in-
formation about what has usually 
been considered the state's pollu-
tion-free sunny skies. 
FF A teenagers, high school in-
structors, county agents, nursery 
owners, farmers and superinten-
dents of off-campus Agricultural 
Experiment Station installations in 
11 counties last summer grew tobac-
co plants to help a South Dakota 
State University plant scientist spot 
episodes of air pollution injury. At 
least as many, perhaps more, will be 
cooperating again this summer with 
a few additional "indicator" plants 
added, according to Wayne S. Gard- _ 
ner professor of plant science at the 
Agricultural Experiment Station. 
So far, here are some of the initial 
findings: 
• There's little doubt that South 
Dakota does have its smog. Ozone 
injury has shown up on tobacco 
plants throughout the state, even 
at one of the most rural of rural 
areas . 
• Indications are that the levels 
of caustic ozone are considerably 
below those of heavier populated or 
industrial areas. This, of course, is 
a decided plus mark and serves to 
point up the objective of current 
investigations: although not now 
considered dangerous to h u m a n 
health, present 1 e v e 1 s should be 
rather definitely pegged to serve as 
a benchmark in -case con,ditions 
change in the future. 
• Most of the ozone pollution is 
believed to originate elsewhere and 
rides prevailing winds or other me-
teorological phenomena into South 
Dakota. ( First recorded ozone in-
jury in Brookings in 1972 was in a 
greenhouse on February 11 and co-
incided with an air pollution alert 
· called for the Twin Cities.) 
• Plant indicators for other air 
pollutants, such as peroxyacetyl ni-
trate or "PAN," ( white-flowered 
petunias ) , sulfur oxides ( cotton) , 
and fluoride (gladiolus) did not 
show injury in South Dakota last 
year. 
.. 
• 
• 
• 
• 
• Continued monitoring efforts, 
along the lines developed during the 
past 3 years, are important from 
the standpoint of knowledge gained 
as well as making people aware 
that "it can happen here." Under 
current conditions the cost of an ex-
tensive air sampling program is 
considered prohibitive and unjusti-
fied. 
Spin-off from Virus Research 
S out h . Dakota's air pollution 
"watch" actually began as a spin-off 
of plant disease research at the Ag-
ricultural Experiment Station. Dr. 
Gardner first noticed spots on leaves 
of greenhouse . tobacco plants he 
was using in research with plant 
virus diseases. Initially he thought 
the injury might be related to peri-
odic applications of pesticide but in 
May 1970 small white flecks were 
noted on plants that had not been 
treated. Similar flecks were found 
on leaves of another type of tobacco 
grown in the pharmaceutical garden 
at SDSU. Dr. Gardner noted that 
during a 3-day period in August 
1970 a heavy atmospheric haze cov-
ered eastern South Dakota. This sta-
ble meteorological condition devel-
oped following a hurricane which 
struck the Texas coast. Early morn-
ing haze res em bled light fog that 
failed to dissipate under hot sun and 
was thick enough to partially ob-
scure the sun in late evening. During 
this period new fleck appeared on 
tobacco in the greenhouse and in 
field plots. 
Dr. Gardner continued checking 
greenhouse plants a t Brookings 
throughout the summer of 1971 and 
confirmed findings elsewhere that 
an older tobacco variety, Bel-\\13, 
was a reliable monitor of air pollu-
tion episodes w h e h susceptible 
plants were continuously produced 
and observed. In the meantime, sev-
eral persons at different p o int s 
around the s t a t e volunteered to 
grow tobacco plants to help monitor 
air pollution in 1971. Several differ-
ent varieties are used. 
Statewide Monitoring 
In 1971 first injury to greenhouse 
plants was noted in mid-March and 
in field plots at Brookings early in 
June. Additional ozone injury was 
noted in July, August and Septem-
ber. During early September Bel-
W3 showed o z o n e injury nearly 
every day with wide variation in 
severity and numbers of flecks de-
veloping. Bel-W3 was so sensitive 
that injury was evident on the day 
the episode occurred. Ozone-fleck 
symptoms developed on m a t u r e 
leaves of this variety at 11 different 
places in South Dakota ranging from 
greatest in south Sioux Falls through 
Beresford, Brookings, M i 1 b a n k, 
north Sioux Falls, Pierre, Rapid 
City, Sturgis, Hartford Beach, 
Highmore, Tuthill, down to none at 
Presho. 
"We've had no problem in finding 
people willing to give normal care 
and protection to the tobacco plarits 
that we furnish for transplanting in 
the spring," says Dr. Gardner. "We 
visit each of ot.ir cooperator's plots 
at least once a summer and we've 
found our co-spotters of air pollution 
quite interested in the part they can 
play toward learning more about 
this situation in South Dakota. They 
are definitely offering a service to 
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the state in helping us operate a 
low-cost monitoring system." 
As an example of costs of moni-
toring air pollution, the Journal of 
the Air Pollution Control Associa-
tion reports that an instantaneous 
fully automated system for state-
wide monitoring of air quality in 
Kentucky is being installed at an 
initial estimated cost of $331,000 
with recurring a n n u a 1 costs at 
$69,000. 
The monitoring system is aided 
by county Extension agents. Indi-
vidual cooperators last year and 
their county agents were: Tom 
Forchtner, Pi erre, ( James Like-
ness); Frank Holmes, of the central 
substation at Highmore, ( Wilford 
Paynter); Harry Geise, south cen-
tral substation, Presho, ( Merle 
Aamot); Dennis Tutsch, Tuthill, 
( Gary Nies); Sherri Craig, Arden · 
Gronlund, Bob Bailey and T. Smo-
lik, all of Rapid City, ( Lyndell Pet-
ersen); Big Bear Restaurant, 
Sturgis, ( Ray Rezek ); Merle Ras-
mussen and Mrs. August Rasmus-
sen, Beresford, ( Charles Norby); 
Donald Erickson and Merle Goed-
ken , Sioux Falls, ( Glenn Schrader); 
Dr. Kenneth Redman, pharmacy 
SDSU, (Alvar Aho); and Richard 
. Kasuske, Hartford Beach State 
·Park, (Joe Schuch). 
Checking Other Plants Too 
Dr. Gardner emphasizes that use 
of plants as air pollution monitors so 
far for the most part indicate pres-
ence of a pollutant and a rough esti-
mate of how much. While future re-
search with these bioindicators may 
establish guidelines that can be used 
as general indicators of the quantity 
of pollution, the important p o in t 
right now is the fact they are show-
ing that some is occurring, accord-
ing to Dr. Gardner. Preliminary evi-
dence also indicates that some ozone 
injury" occurred in alfalfa in South 
Dakota during 1971. 
Preliminary monitoring studies by 
USDA, as reported in Agricultural 
Research, suggest that " ... all U.S. 
areas east of the Mississippi River 
may have sufficient photochemical 
pollution to injure sensitive plants at 
certain times in their development." 
The report additionally explains that 
the highly susceptible Bel-W3 to-_ 
bacco variety is especially useful in 
monitoring oxidant pollution be-
cause it shows characteristic, easily 
identified, and highly specific symp-
toms. 
The ozone injury reported in 
South Dakota may be one of the ear-
liest stages of plant damaging air 
pollution ever recorded, the SDSU 
plant scientist believes. Too often 
the damage is found after vegeta-
tion has been critically injured-a 
section of a wooded area, growing 
crops, even the lilacs adorning a 
home garden. This is one reason the 
"indicator" trait is prized by re-
searchers who evaluate pollution, 
set standards, and · e v e n breed 
plants that are better and tougher 
for survival in a changing environ-
ment. Dr. H. E. Heggestad of the 
U.S. Agricultural Research Center 
in Beltsville, Md., estimates plant 
losses due to air poisons at half a bil-
liqn dollars a year. 
Rural Environments Involved 
According to Dr. Gardner, when 
suspected ozone or oxidant injury 
to plants is detected in predomin-
ately rural environments-as are 
some o( the locations in South Da-
kota-the tendency has been to 
look for a natural source of the tox-
icant. Stratospheric ozone might be 
carried to the earth's surface by 
mixing of turbulent air, or lightning 
associated with thunderstorms 
might be another natural source. 
While not discounting these possi-
bilities, the SDSU plant scientist 
points to the relatively frequent 
occurrence of plant injury plus the 
fact many thunderstorms are in 
late afternoon or at night when the 
stomata or small openings on the 
plant leaves are closed thereby 
helping to preclude injury. 
"The blunt truth," declares Dr. 
Gardner, "appears to be that man 
is filling his atmosphere with the 
precursors of these pollutants. 
Photochemical reactions then occur 
and plants are damaged by pollut-
ants long distances from their 
source depending upon meteor-
ological conditions acting upon the 
pollutant pool." 
What to Do? 
What needs to be done next? Dr. 
Gardner suggests these approaches: 
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• Determine relative importance 
of natural sources of ozone. Evi-
dence so far suggests that most of 
South Dakota's ozone is "imported" ·• 
mainly from the east and sou th by 
air movement. It must be establish-
ed, however, if there are natural, 
local causes such as lightning, tur-
bulence that brings ozone down 
from the stratosphere, or if heavy 
concentrations of pollutant-produc-
ing activities-heavy automobile 
traffic is one-play a part. 
• Although lack of PAN, fluoride 
and sulfur dioxide injury suggests 
that South Dakota air pollution 
now is different from that in major 
urban areas, the possibility of in-
teraction of ozone with various 
oxides must be considered. 
• More needs to be known about 
the relationship of moisture levels, -
humidity, and nutrition of plants to 
ozone susceptibility. At two loca-
tions each in Sioux Falls and Brook-
ings the most severe ozone injury 
appeared on plants supplied ade-
quate irrigation. Less injury was 
noted on plants under dryland con-
ditions. Abnormal plant growth re-
sembling that caused by the plant • 
hormone 2,4-D appeared on cotton . ~ 
at Beresford and Brookings and on 
tobacco at Rapid City. Only at 
Rapid City was 2,4-D used to con-
trol weeds near the indicator 
plants. 
• Just what plants in South Da-
kota show susceptibility or toler-
ance to ozone? This information is 
necessary to obtain more definite 
. "readings" from specific indicator 
plants. It also could show which 
currently-grown plants might be 
affected or those which might show . 
tolerance-both possibilities being 
of interest to the plant breeder. D 
(More photos, page 22) 
Figure 1. 
(A) Ozone fleck uniformly distri-
buted on mature leaf of Wisconsin 
38 tobacco grown in the pharma-
ceutical garden at Brookings. Pho-
tographed August 23, 1970. 
(B) Injury on lower and mid. 
plant leaves of Bel-W3 tobacco pot-
grown in the greenhouse at Brook-
ings. Multiple episodes of ozone 
produced this apparent uniform 
amount of necrotic spots. Photo-
graphed July 29, 1971. 
(C) Moderate amount of uni-
formly spaced ozone fleck on mid-
plant leaf of Bel-W3 tobacco grown 
at Sioux Falls. Photographed July 
29, 1971. 
( D) The lower mature leaves of 
this Bel-W3 tobacco plant show 
moderate amounts of ozone fleck. 
Photographed at Beresford July 20, 
1971. 
(E) Mixture of white (older) and 
· black (newer) ozone fleck is uni-
formly distributed near the leaf tip 
of Bel-W3 tobacco grown in the 
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pharmaceutical garden at Brook-
ings. Photographed July 29, 1971. 
( F) Light distribution of necrot-
ic white ozone fleck on a lower leaf 
of Bel-W3 tobacco grown in Plant 
Science Department field plots at 
Brookings. Photographed August 
23, 1971. 
Figure 2. 
(A) Ozone m1ury is unevenly 
distributed on this mid-plant leaf of 
Bel - W3 tobacco photographed 
near Milbank, August 9, 1971. 
(B) Ozone fleck on mature leaf of 
young Bel-W3 tobacco plant. The 
next developing leaf had a few 
apical flecks. Photographed near 
Tuthill, July 7, 1971. 
(C) Ozone injury d id not occur 
on this mid-plant leaf or on other 
leaves of Bel-B tobacco grown at 
Brookings in the Plant Science De-
partment field plots under dry land 
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conditions. Photographed August 
12, 1971. 
(D) Bel-C tobacco leaf tip show-
ing moderate amount of white (old-
er) ozone fleck with a region of 
black (newer) fleck at center and a 
region of old and new fleck at low-
er right. · Pharmace
1
utical garden, 
Brookings, August 8, 1971. 
(E) Turkish tobacco leaf grown 
at Beresford. Fine tan ( older) , 
ozone fleck appears on the left 
while brown (newer) fleck appears 
at · lower center and at right be-
tween secondary veins. Photo-
graphed August 11, 1971. 
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1972 Summer Field Days 
PRESHO, S. D. 
South Central Crops and Research Farm, l mile east, 
11 miles south of Presho. 
WEDNESDAY, JUNE 28 
6:30-8:30 p.m. 
Small grain varieties, chemicals for mosaic control, 
seed inoculation for increasing yield, insect control in 
sorghum. 
HIGHMORE, S. D. 
Central Substation, % mile west of Highmore 
on U.S. 14. 
FRIDAY, JULY 7 
7 :00-9:00 p.m. 
Small grain varieties, semi-dwarf wheats, winter 
wheat breeding, wheat streak mosaic and its control, 
seed inoculation for increasing yield. 
MILBANK, S. D~ 
Whetstone Valley Crops and Soils Research Station, 
mile east, % mile north of Twin Brooks on Corona road. 
TUESDAY,. JULY 11 
1 :30-4:30 p.m. 
Fertilizers on corn, weed control in soybeans, mulch 
tillage for corn, oat variety reaction to herbicides, small 
grain varieties, does nitrogen cause pollution. 
GARDEN CITY, S. D. 
West Prairie Coteau Crops and Soils Research Station, 
2 miles north, % mile west of Garden City Junction on 
Highway 25. 
THURSDAY, JULY 13 
1 :30-4:30 p.m. 
Small grain varieties, winter wheat seeding methods, 
soil erosion demonstration, fertilizers on corn, wheat 
and flax, fertilizers and insect control on potatoes, wild 
' oats control. 
BERESFORD, S. D. 
Corn Belt Agricultural Research and Extension Center 
at Southeast South Dakota Experiment Farm, 6 miles 
west and 3 miles south of Beresford-Interstate 29 inter-
change. 
THURSDAY, SEPTEMBER 14 
10:00 a.m.-4:00 p.m. 
Insect control in corn, weed control in corn and sor-
ghum, corn row spacing, fertilizer on corn, swine man-
agement and feeding, beef cattle research. 
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Five Displays of 
Agric.ultural Research 
See inside back cover for dates, places and 
program summaries for field days scheduled this 
summer by the Cooperative Extension Service 
and the Agricultural Experiment Station. 
Agricultural Experiment Station 
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